








































































































































































































































































































































































































































































































































































































































1V G LEVEL 21 LOADS 

35C CO~'TINUE 

Q(l>=SLPR<I>~COSCA<I>J 

IF <I .E~. I> GO TO 20C 
IF < f., ( I> •GT• 812 • > GO T 0 4 (' 0 
P2=<0<I )+QCI-1> >12.•ALEN<I-1>+82 
GO TO 200 

40(, CONTINUE 
B4=<Q<I>+QCI-1>>12.•ALEN<I-l>+B4 

2 0 G c I) rn IN u E 
c 
C FLPR = FLUID NORMAL PRESSURE 
C FLPT = FLUID TANGENTIAL PRESSURE 
c 

DATE: : e?251 

FLUID LOAD 

FLPR<I>=<FS-<Y< I>+TH/2.•COSCA<I>>>>•GAMAF/1440G0e0•<·1.0> 
IF <FLPR<I> .GT. o.o> FLPR<J>=o.o 
FLPT<I>=f1.D 
PREACTfJ> = r.o 
T<I>=FLFR<I>•COS<A<I>> 
LF = RADI2/RAOM2 
IFCA(J) .GT. <PI-ATAN<U/VJ» GO TO 107 
IF<ACI> .GT. ATAN<UIV>> LF=RADll/RADMl 

1U7 C'J'HINUF: 
FLPR <I>=FLPR <I> •LF 
B 7= <HI > + T CI -1> > / 2 ••A LEN CI -1 > •L F + R 7 

lCC CCl!IJ1INUf 
c 
C ADJUST SOIL AND FLUID PRESSURES FOR BALANCE 
c 

55 (. 

6lJU 

7U (; 

5DO 

IF (\,) .ui. o.n> GO TO 55C 
b5=82/1Jt2. 
Pf.i=l?.4•<·2.C>IW 
PBOT=-R7/R3/CC+0> 
OU 5UO .i=lt37 
IF <A<J> .GT. <812.>> GO TO 600 
SLPR(J):SLPRCJ>IB~ 

PREACT<J>=P80T•CCOS<ACJ>•PI/8J) 
S(J>=PREACT<J>•COSCAfJJ> 
GO TO 700 
CONTINUE 
SLPR<J>=SLPR<JJ/86 
C 0\1 T JNU E 
IF <J .Ea. l>GO TO 500 
IF <A<J> .GT. B/2el GO TO 500 
88=<S<JJ+S<J-1JJ/2e•ALEN<J-1J+B8 
CONTINUE 
IF <E7 .~E. CJ Fl=•BB/87 
DO l.~00 K=1t37 
FLPR<K>=FLPRCKJ+PREACT<KJ/Fl 

H-77 

18/4lt/55 

04860 
0'4870 
IJ488 0 

04900 
04910 
04920 
~4930 

04940 
0'496(1 
0'4971 
04972 

04980 
04990 
'.)5000 
05001 
05010 
0502C 

05 05 ( 
!l506C 
0507( 
05080 

05 0 8~ 

0511( 
0512( 
0513t 
0514( 
0516( 
0517( 
0518 ( 
0519( 
052 0( 
0521( 
0522( 
0523( 
0524( 
0525( 
0526( 
0527( 
05281 
0529( 
05j0( 
0531 ( 



H-78 

IV G LEVEL 21 LOtfJS DATE = 82251 

c 
c 
c 

IF <IDBUG .LT. 2) GO TO 30CO 

PRINT LOA~S TAAL[ 

WRITt:(&,99) 
99 FORM ATC lHl) 

l.iRITr::C6,140~> 

1400 FORMAT<lll,57X,36HLOADS AT EACH JOINT, KIPS/IN/FOOT 
IJRIT[lbd5Cr> 

1500 FOR~AT<3tX,4~DEAL,2PX,4HSOJL,28X,5Hl=LUIO> 
~;RI TC<6, 155C) 

1550 FURMATCl?X,PHOEG FR0M,5X,24ClH-l,9X,24<1H-),9X,?4<1H•) 
\..'RIP .. <6,160':1) 

18/44/55 

1 & u 0 !=OR f"'. A-, < tX, 1HIt!"iX,8 HVE RT IC Al, 8 X, 6 HR AD I AL, 9 X '4 HT ANG, 2 ( 14 X' 6HR AD I AL, 
1 9X,4HTANG ) ) 

\JR IT EC 6, 1 7 0 0 > <I , DEG CI >. DL PR <I > t Dl PT f I ) , SL PR <I ) , SL PT CI ) , != l PR <I h 
lFLPT<I>, I=lt37> 

1700 FOR~ATl5X,I2,7X,F4.o,4x,i::12.6,3X,F12.6.6X,1=12.6,3Xtf12.6t6X, 
11=12 .6,3X ,F12 .6) 

3'.'Cl? C 1J~HI~UE 

IF <IOEUG .LT. J > GO TJ 4CQCT 
iiJ R I H. c 6 , 1 8 0 G > P \I 

1800 FORMATCll/,14H0 PIPE WEIGHT=,F9.3,1QH KIPSIFOCT 
WRITEtbd90J> ~! 

1900 !=ORMAT<lel4H':l SOIL ~fIGHT=,F9.3,10H KIPS/FOOT > 
BlTMP = -2.C:•B7 
WRlTFt6,200D> P7TMP 

2COC FORMATtltl~H~ FLUID WEIGHT=,F9.3t10H KIPS/F00T 
'HiCD CO'HINUE 

RETURN 
END 

0532 r 
0533( 

!)5332 

0534 c 

0536G 

0538( 

05400 

054211 

05460 

0548~ 

G5490 

0551!1 

0553() 

05570 
05 5 8 Cl 

0559 0 



IV G Lt.Vt.L 21 STTFF DATE = 82251 

SUPRl"\UTINE STJl='F 
c 
C CALCULAT~S ~EMBER STIFFNESS SUBMATRIClS 
c 

c 

CUMMQN/PROP/S1f37ltCOC37>tALEN<37> 
COMMCNIRSCAL[/0UM(5>tTbtDUMMC21JtECONtDf2) 
COM~0~/ISCALE/!OPUG,JPATH 

COMMGN/CONST/Kl <3•3t3~J,K2C3t3t36ltK12C3t3t36) 
OOU8L~ PPECISIO~ Klt K2t Kl2t MI 

AR'.::ll=l2••TH 
l"i I= THu3 
DO 1~0 0 I=l,:'if> 
Cl=ECON.JA.LEf\1(1) 
C2=MI/ALEN<I>•*2 
Al=C1•(CO<I>*•2*AREA+12.•SI<I>••2•C2> 
A2=Cl•CSICI>•*2*AREA•12.~C0fl>••2•C2> 
A3=C1•SilI>+COCI>*lAREA-12.•C2> 
A4=~·•SI(!)•ECON•C2 

A5=A41SICJJ.•CO<I> 
fl 6=4. "MI •C 1 
Klfldd>=Al 
K2(ltld>=A1 
K12<1tltI>=-A1 
Kl<lt2tI>=A3 
KlC2'1tI>=A:Z. 
K2<1 t2.I >=A3 
K2( 2,1, I>:A3 
1<12Clt2tr>=-A3 
K12C2tltI>=·A3 
KU1'3tI>=-A4 
Kl<3tltI >=·A4 
K12<1'3tIJ=-A4 
K1<2t2tI>=A2 
f<2f2t2tI>=A2 
Kl2C2,2,I>=-A.2 
Kl< 2,3, I >=115 
KlC3t2tI>=A5 
K12<2t3tI>=A5 
K2( 2,3, I>=-A5 
K2(3,2t I>=-A5 
Kl2<3,2,I>=·A5 
'<H3t3,!>=A6 
K2C3t3tI>=A6 
K12<3t3tI>=0.5*Ab 
K2<l,3, Il=A4 
K2(3tlt!J=.t..4 
Kl2(3,1,!):h4 

H-79 

18 /4 4/55 

0563(1 

05&32 

05640 
0565 () 
~5660 
IJ568C 

0570C. 
057Ui 
('.15 7 8 !) 
!2579( 
058 0( 
0581( 
0582( 
0583C 
05 8'+ c 
IJ585C 
0586( 

05 88 ( 

1'1593[ 

05971 



lV G LEVEL 21 

lUC CONTINUE 
2 0 IJ CONTINUE 

RETURl\J 
END 

STIFF DATE = 8?251 18/44/55 

0606Q 

0612~ 
0613 
0614 



H-81 

IV G LEVEL 21 LOP' A TR DATE : 82251 le/44155 

SUBPOUTINE LOMATR<PtPT,K> 
c 
C FOR E~CH LOADING CONDITION, LDMATR GENERATES THE LOAD MATRICES 
C FOR E~CH ~CI~T FROM THE ~E ... BER PROPERTIES AND THE RADIAL AND 
C TA~GE~TIAL PRESSURES. THE LDMATR VALUES, REPRESENT THE REACTIONS. 
C AT EACH E~O OF A ~EMBER DUE TO THE APPLIED LOADS 
c 
c 

c 

OIMf~SION P(~7>,PT<37> 

COMMON/PROP/Sl(37>tC0(37>tALEN<37> 
CUMMQ~/LUADIFll3t~•3b>tF2C3t3t36) 

DOUBLE PPECISION Flt F2, Clt C2 

DO 100 I=lt~(, 

C 1: SI 0 >*ALEN <I > 
C2=CO<I>•ALENfI> 
Fl(ltKtI>=Cll<-2D.>•<7.tP(!)+3.•PCI+l>>-C218.•<3.*PT<I>+ 

lPT<I+l>) 
FlC2tKtI>:C2120.•<7e•F<T>+3.•PtI+l>>-Cl/8e•C3•*Pl(JJ+PTCI+l)) 
~lC3tKtI>=ALENCil••2/60.•t3.•PCI>+2••PCI+l)) 
F2<1,K,I>=Cll<-20.>•<3.•PCI>+7.•PCI+l>>-C2/8•*<PT<I>+ 

13.•PHI+l)) 
F2<2tKtI>=~2/20.•t3.•P<IJ+7.•Pfl+l>>·Cl/8.•<PT<I>+3.•PT<I•1>> 
F2C3,K,I}=ALENCI>••2/60.0•<2•*P(l)+3.•PCI+1>>*C•laOJ 

lUC CONTINUE 
RETURN 
END 

06180 

0619~ 
!l6200 
06210 

0623C 
0624( 
06250 
06270 

~!;~cl 
0630 
0631 
0632 
D633G. 
063'+d 
06350 
0636~ 
063"fij 



H-82 

1\1 G LEVEL 21 RECUR DATE = 82252 1213 '+12'+ 

SUBROUTINE RECUR 
c 
C ASSUMES T~AT JOI~T l(INVERT> IS FIXED AND JOINT ~7<CRO~N> ONLY 
C DEFLECTS I~ THE Y-DIRECTION. GIVEN THESE RCUNDARY CONDITIONS A~O 
C THE LOAD AND STIFFNESS ~ATRICES THE DEFLECTION AT JOINT 37 IS 
C CALCULATED AND ALL OTHER JOINT XtY DEFLECTIONS ANO ROTATIONS 
C ARE snLVEO RECURSIV~LY. 
C A PRINTOUT OF THIS INFOR~ATION IS •v~ILABLE WIT~ AN IDRUG VALUE 
C EQUAL TO 3 
c 
c 

c 

300 

'+ J fl 

5UO 

(,U 0 

COMMON/ISCALE/IDBUG,IPATH 
CO~MJN/CCNSTl~1<3t3t3E>tK2f3t3t36) t¥12C3t3t36> 
C0MMON/LOAD/FlC3t3t36)tF2(3,3,36> 
CUMMON/DISP/UNC3t3t37) 
DOUBLE PRECISION Klt K2t K12, Flt F2t K12T(3,3> 
DOUBLE PPECISIO\ UNt PC3t3t37>tOf3t3t37>,0(3),A(3,3>tBC3t3>t 

1CC3,3> 

00 lGO I=lt3 
DO l'Hl J=lt3 
A<ItJ>=K2<ItJtl>+KlCI,J,2) 
C<I.J>=F2(!,J,l)+Fl<ItJt2> 
CONTINUE 
CALL MATINV(AtR> 
CALL MATMPYC8,K12(1tlt2>tPC1tlt2>> 
CALL MATMPY<RtC,QCltlt2>J 
DO 2£:D L=3t3f 
00 .EO !=1'3 
DO 31'\(' J:l,3 
Kl2T<JtI>=Kl2fI,J,L-1> 
co•1r I"JUf 
CALL MAT~PYCK12TtPCltl•L-1>tA> 
DO 4'.'C I=lt..'i 
00 4'10 J=lt3 
AfltJJ = K2CltJtL-1> - ACI,J> + Kl(I,J,L> 
CONTINUE 
CALL ~~TINVCAtB> 
CALL ~ATMPYCK12TtGC1tltL-1>tCJ 
oo srio 1:1,3 
DO 5'<0 J=lt3 
CCI,J> = F2<I•J•L•1> - C<ItJ> + Fl<ItJtL> 
CONTINUE 
CALL MAlHPY(BtCtGCltltL>> 
IF CL .E'Q. 3o)G0 TO 6!10 
C AL L M A 1M P Y C R ,;< 12 <1 , 1 t L ) t P ( 1 t 1 t L ) > 
GO TO 200 
CONTJNUE 

06410 

06 '+ 3 0 
06'+2C 
0644 Cl 
0645[) 

0648( 

0650C 
065l!l 
0652C 
0653C 
0654( 
0655( 
0656C 
0657( 
0659( 
0660[ 
06610 
06620 
0663( 
0664~ 
0665C 
0666C 

0668 0 
0669C 
0670( 
0671C 
0672C 

0674( 
0675( 
0676C 
06 77 ( 
0678( 
0679( 



H-83 

lV G LEVEL 21 RECUR DATE = 82252 12/34/24 

20C 

O<l>=Kl2<1t?.tl> 
C<2>=Kl2<2t2•L> 
D<3>=Kl2L'it2•U 
(ALL MATXC~ro,R,P<l,1,36>> 
CO~H HWE 
OIJ 7CD K=l •3 
UNCltKt37J=J.roo 
UNC3,K,37):Q,.'.JO'.: 
U~C2,Kt37):(K2<2tlt36)•QfltKt36) - K2<2t3t36)•QC3tKt36) + 

1 K2(2t2,36)•Q(2,K,36> + F2<2tKt36) > I 
2 <K2<2•lt36>•P<ltlt36) - ~2(2t3tj~)•Pt3tlt36) + 
~ K2f2t2t36)*fl.ODD + P(2tlt36J ) ) 

UN < 1 , K, 1 > = 'l • ) OD J 
UN<2.K.1>=0.rooJ 
U ~,! < 3 , Kt 1 ) = C .. Q D Q 

UNfltKt36>=-P<ltlt36)~UN<2•Kt37)+Q€ltKt36> 

UNC2tKt3&>:-PC2tlt36)•UN<2tKtS7)+Q(2tKt36) 
UNC3,Kt~6>=-PC3tlt3&>•U~<2.Kt37>+Ql3tKt36J 

no C')~JTPJUE 

L=35 
l.! Cl CONTINUE 

CALL MAT~PYCP<ltltL>tUN<l•l•L+1)tA> 

DC R"'O l=lt3 
oo a n d=1·3 
UN< I.J,U:flC ItJtU •Af ItJl 

RJG COMTHJUE 

c 

l =L-1 
IF<L .Gi. 2> GO TO lOCG 
IFCICBUG .LT. 3> GO TO 2500 

C wRITfS OISPLACE~ENTS 
c 

1.'RTP'.<6t99> 
99 FURMATll~1) 

11 

12. 

!.181Tf<6t20UU> 
i.'Rl TU6t2J01> 
.. K.ITUt>t2LH)2l 
DC 1200 L=lt35t3 
LlTMP = L+l 
L2TMP = L+2 
wRITf<6t2lOO>LtllTMP,L2TMP 
DO 1200 1:1,3 
GO TO (11tl2tl3>•I 
WRIT Ft 6 • 1 1 <UN ( I, J t L) t J = 1t3) t UIN (T • .J, L + 1 ) • J: 1t3 >t CUN (J t J t l + 2) 

ltJ=lt3> 
GO TO 12JO 
WRIT><6t2><U~<ItJtL>t~=l,3>,<UNCltJtl+l>tJ=lt3)tCUN<ItJtl+2) 

ltJ=l.3) 

0680 
%81' 
06821 
06831 
06841 
0686( 

D692( 
0693 ( 
r694 c 
0695( 
!1696( 
0697( 
0698( 
0699! 
07 0 0 ( 
(lf 0 lC 
rn02c 
11703( 
!J7 O'H 
G705t 

0706( 

G10BC 
07081 
!.HOB:: 
07 09( 

071 lC 
0711] 
0712( 
0713( 
07131 
0713~ 
0713~ 



H-84 

IV G LEVt.L 21 RECUR OATE = 82252 12/34/2lf 

GO TO 12il0 
13 WRIT~C6t3>tU~lltJtl)tJ=lt3>t(UWCitJtl+l)tJ=lt3),(UN<ItJtl+2) 

ltJ=l,3) 
1200 CONTINUE 

wRITfC6,2003) tCUNCitJt37>,J=lt3>tI=lt3> 
2003 FOR~AT<~x.eH ELEMENTt8Xt2H37tlt2Xt'X't3Xt3<E12.5t2X>tlt 

2 \,) Q 0 
no1 

2002 

12x,•v•,3x,3C[l2.5t2X)tlt1Xt'R0T't2Xt3(El2e5t2X>> 
FORMAT<llt51Xt22HDISPLACEMENTSt INCHES ti> 
FORMATC23X,7~LOADINGt32XtlHLOADINGt31Xt7HLOADING> 

coR~AT<t4x,•1•,11x.•2•,11x,•3•,14x,•1•,11x,•2•,gx,•3•, 

l14Xt'l'tl1Xt'2't11Xt•3•tl> 
2100 FORMAT<6Xt8H £LEMENTt8Xtl2t38Xtl2t3BXtl2J 

l 
2 
3 

250il 

FORMATt2x.•x•,5x,3E12t5t2Xt3El?.5t2Xt3E12.5) 
FORMAT(2X,•Y•t5Xt3E12t5t2Xt3El2•~t2Xt3E12,5> 

FORMATC1Xt'ROT•t4Xt3Et2.5t2Xt3E12.5t2Xt3El2.5) 
CONTINUE 
RETURN 
END 

07LH 
07135 
07136 
07140 
0715(' 

07170 
07171 

0718[ 

0720C 
0721C 
"7220 



H-85 

IV G LEVl:.L 21 REACT DATE : f!2252 1213'+/2'+ 

SUP.ROUTINE REACT 
c 
C CALCULATES THE MO~ENTSt THRUSTS AND SHEARS AT JOINT !<INVERT> AND 
C JOINT 37(CROWN> 
c 
c 

c 

1 o a 

300 
2f. c 

700 

81.) 0 

COMMCN/REACTIIR<3t3t2> 
CO~MON/DESIG~/OMC5)eDP<5>tOVf5>tVLOCC5J 

co~~ON/CONST/Klf3t3t36>tK2<3t3t36ltK12<3t3t36> 
COMMON/OISP/UNC3t3t37J 
COMMGN/LOAD/FlC3t3t36)9F2<3t3t36) 
COMMGN/ISCALE/IOBUGtIPATH 
DOUHLE PRECISION ~1, K2t K12t Flt F2t UN 
DOUBLE PRECISION RtT<3t3>tB<3t3>tC<3t3) 

CALL MATMPYCK12<ltltl)tU~tltlt2>tB> 
DO 100 I=lt:> 
OD l'.'O J:I,3 
RC!tJtl>=BCTtJ>-FllitJtl> 
CONTINUE 
DO 2f!U I=lt3t2 
T<ltlJ=Kl2fltlt3~> 

T<lt2>:K12(2tlt36) 
T<lt3>=~12<3•It36) 
TC2tl>=OeODO 
Tc2,2>=0.oon 
TC2,3):ti.ODO 
T<3,I>:O.ODO 
ro,2>=0.000 
TU,3>=o.ooo 
CALL MATMPYCTtUNfltlt36>tC> 
DO 300 J:J,3 
RtitJt2) : CCltJ> • F2<ItJt36) ~ K2Clt2t36>tU~C2tJt37) 
cotn mu E 
CONTINUE 
DM<l>=Rf3tltll+R<3t2tl> 
DPC1>=R<ltltl>+R<lt2tl> 
IF <DABS<DM<l>+R<3•3tl>> eLT• ABS<D~<l>>> GO TO 700 
DM(l):DM<l>+R<3t3tl> 
DP<l>=OP<l>+R<lt3tl) 
D~t5>=-~<3tlt2)•R<3t2t2> 
0Pt5>=R<lt1•2>+R<lt2t2> 
If <DABS<DMC5>-Rf5t3t2)) eLT. ABS<DMC5))) GO TQ 800 
DM<5>=DM<5>-R<3t3•2> 
0Pf5):0P<5)+R<lt3t2> 
CONT H~LIE 
DO 801 J=1t3 
R<3tJt2l : -Rf3tJt2> 

083 70 

OA3AO 
0839( 
0840C 
084H 
08420 

0846( 
084 7C 
08'+8C 
0849( 
0850( 
0851( 
0852( 
08::>3( 
0854( 

0856( 
0857( 

0859C 
0860( 
0861( 
0862( 

086'4C 
0865C 
0866( 
OA67C 

0869( 
0870( 
0871( 



H-86 

1V 10 LEVEL 21 

flGl CtJNT!NUE 
RETURN 
fND 

!:'UCT CATE = t2252 12/34/24 

0882' 
0883' 



I 

/ 

H-87 

IV G LEVEL 21 DATE = 82252 12134/24 

SUE:'Ri)UTJi'JE THSH:"Q 
c 
C CALCULATES THE INTERNAL T~RUSTS, SHEARS AND MCMENTS AT EACH END OF 
C EACH "'PIPER 
C PV~l REPRESE~TS THE FORCES AT THE LEFT ENO 0F A HEMEER 
C PVM? REPRESENTS THE FORCES AT TYE RIGHT END OF A ME~BER 
C PV~•(X,Yt2> X REFERS TO THE P, V OR M FOR X:1,2,3 PESPECTIVELY 
C Y REFERS TC THE LC~OING CCNOITIC~ 
C Z REFF.RS TO THE ELEMENT 
C A PRINTOUT OF THE SERVICE LOAD FORCES IS AVAILABLE WITH AN IDBUG 
C VALU[ GREATE~ T~A~ 1 
c 
c 

c 

99 

2 

CUMMON/PROP/$T(37ltC0(37),ALEN<37> 
CUMMONILOADIF1<3t3t36),F2<3t3t36) 
CO~Mr~tISCALE/IDRUGtIPATH 
C1MMO~/CONST/K1(3,3,3EJ,K2(3,3,36>tK12(3t3t36) 

co~MO~/OISP/UN(3t3,37) 

COMMON/PVM/PV~l<3t3t36),PVM2<3,3t36) 

DOUHLE PRECISION Klt K2t Kl2t Kl2T<3t3>t PVMlt PVM2t UN,FltF2 
DOUBLE PRECISION TC3t3>tDC3t3ltR<3t3ltEC3t3>,Gf3,3>tSC3t3>tWC3,3> 
CQMMO~/REACTI/REAC<3•3t2> 

DOUBLE FPECIStO~ AC9>tRE~C 

IF (ID!:! U G •LT. 2 > 
WRITE(6,99> 
FDR MA 1 C 1H1 > 
i.IRITEt6,6[H!> 
C Dr! T I NU f. 
DEG = Q • 0 
DO 2~C !::!,"if, 
T<1tl>=COCI> 
Tf1,2l=SI<I> 
T<l,3>=o.ooo 
T< 2' 1> = -s I< I> 
T<2•2>=CO<M 
TC2,3>:.'J.ODO 
TC3,l)::l'l.000 
T(.392)::Q.Q0Q 
Tt3,3>::1.0DD 
DO 3uLJ L::1,3 
00 3CO :'-1=1•3 

GO TO 2 

K12T<M•L> :: K12<L,M,I> 
CONTINUE 
CALL MATMPY<Kl(ltltI>tUNCltltl>tD> 
CALL MA1MPYCK12<1,1,r1,u~c1.1,r+l)9[) 

CALL MAlMPY<Kl2T<ltl>tUNfltltI>tR> 
CALL MATMPY<K2fltltIJ,UN<ftltI+l>tS> 

07261 

0730( 
0731( 
0732( 
1)733( 
0734{ 
'735( 

0738( 
0739t 

0741( 
0742( 

IJ7 4 4 c 

0748( 

0749( 
0751( 
0752( 
0753( 
!)754( 
07 56 ( 
0757( 
075~[ 
0759(. 



H-88 

lV G LEVEL 21 T~SHfHJ DATE : e~252 12134124 

DO 400 J::l,3 
DO 4'!0 K=l,3 

4 & (I 

GCJ,K> : DCJ,K> - Fl<J,K,I> + ECJ,K) 
wfJ,K) : PfJtK> • F2CJ,Ktl> + S(J,K> 
CUNT INUE 

c 
c 
c 

CALL MATMPYfT•G•PVMlfl•l•T>> 
CALL MATMPY(TtWtPVM2<1tltl>> 
IF <IDBl.IG .LT.2> GO TC 200 

WRITE THRUSTS SHEARS ANO 

I F < 1 • E Q • 1 > GO T 0 2 0 1 
J3 = 0 
DO 2 03 Jl = h3 

DU 2C3 J2: lt3 
J3 = J3 + 1 

MOMENTS 

ACJ3> = <PVMlCJ2,JltI>-PVM2lJ2,Jl,I-1>>12.QOOOOOO 
203 CONTINUE 

DEG=<I-1>•5.00000 
WRITE<6•204> ltDEGt<A<J5)1J5:1,9> 
GO TO 230 

201 WRITE<6t204> I.DEG,CREACCJ6,l,1>,J6=lt3>t<REACfJ6t2t1>1J6:1,3J, 
1 CREACCJ61311>tJ6:1,3> 

2ll0 CONTINUE 
IF < IDBUG .LTe 2 ) GO TO 1200 
I :3 7 
DEG :: 18!J.O 
WRITE<61204> IenEGtfREAClJ6tlt2>tJ6=lt3>tCREACCJ6t2t2>tJ6:1,3>t 

1 <REACCJ6tSt~>,J6:1,3> 

600 FORMATll/T36t'SERVICE LOAD THRUST<KIPS/FT>t S~EAR<KIPS/FTJt. '• 
11 MOMENT<IN.KIPSIFT>'lltT36t'DEAD LOA0•,111,•sorL LOAD 1 tT105, 
2 •FLUID LOAOt/,Tl2t'DEG. FROM•t5Xt3CC1H•>t5X,3~<1K•)15X.30f1H•lt 
3 ,,, JOINT 9 tT12t'VERTJCAL'tT30t2<'~·.9x,•v•,9x,·~·.1•x>.•N~,9x, 

4 •v•.qx,•M• > 
204 FORMATl2XtI2tTl2tf4.0tT24t2CSF10t4t5X>t3FlOe4 > 

1201J CONTINUE 
RETIJRN 
nm 

07600! 

07611 
0764~ 
0765 
0766 
1)76 7 

0776( 

0785( 
0786( 

' 

" 

\ 
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SUBROUTINE MATINV<AtB> 
c 
C INVERTS 3 X ~ ~ATRIX 

c 

c 

c 

OOU~LE PRECISIO~ A(3t3>tP<~t3>tDELTA 

DELTA=A<ltl>•A<2t2>*A<3t3>+A(lt~>*A<2t3>•A(3tl>+A(lt3>*A(2tl>* 
1A(3,2J•Af3t1>•A<212>••<11~>-AC3t2>•A(2t3>•A<lt1>•A<3t3>•A(2tl>• 
1At112) 

R<ltl>=<AC2t2>*AC3t3>·A<2t3>*A~3t2>>1DELTA 
8<1t?>=·<A<lt2>•A<3t3>·A<3t2>•A(lt3))/0ELTA 
R<1,3>=<A<l12>•Af2t3>•AC2t2>•A(ltj))/0ELTA 
P<2tl>=·<A<2tl>*A<313>·A<3tl>•A<2t3>>1DELTA 
B<2•2>=<Afltl>•A<3t3>•A(lt3l•A<3tl>>IOELTA 
B<2t3>=·<A<ltl>•A<2t3>-AC2tl>•A(lt3>>IOELTA 
8(3,l>=<Al2tl>*A<3t2>-A<3tl>•AC2t2>>1DELTA 
BC3t2>:•(Afltl>•A<3t2>·A<3tl>*AC1t2>>1DELTA 
B<3t3>=<ACltl>•A<2t2>·A<2tl>•Atlt2>>1DELTA 
RETURN 
END 

07900 

079 3 (i 
0794C 
07950 

I 
0191c 
0798C 
0799C 
080 cc 
0801( 
0802( 
OB 0 30 
0804C 
0805( 
0807( 
0808( 
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SURROUTl~E MATMPY<AtB•C> 
c 
C GENERATES ~ATRIX MULTIPLICATION 
c 

DOUBLE PRECISION A(3t3lt Rf3,3), C(3t3> 
c 

DO H I=lt3 
00 l" J=l.3 
C<I.J>=O.!iDO 
DO 1 r K = 1, 3 
Cf I,J>:C(!,J)+Atl,~>*P<K,Jl 

lC' CONT INlJf. 
RETURrY 
END 

12/34/24 

0812C 

!"Bl 4 C 
0815( 
0816( 
08 l 7C 
0818( 

( 
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c 
C MULTIPLIES 3X5 MATRIX BY 3Xl MATRIX 
c 

c 

lv 

DOUHLE PRECISION X<3>tA<3,3> t Y<3> 

DO 1':' I=lt3 
YCT> = 11.0DG 
00 ln K=l.,3 
Y<I>=Y<I>+ACI,K>•X<K> 
COMTINIJE 
RET URI\! 

ENO 

H-91 

DATE = 822~2 12 /3 4/24 

0825( 

0827C 

08290 
083 oc 
0831C 
0832C 
L'S 3 3 G 
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SUBROUTINE PV~MAX 

c 
C LOCATES A~D CALCULA~ES THE THRUSTS, SHEARS ANO MOMENTS AT THE 5 
C CRITICAL DESIGN SECTIONS. THE PROCEDURE FOR FINDING THE EXACT 
C LOCATION OF M/PHIVD=3.0 ASSUMES LINEAR SHEAR A~D QUADRATIC 
C ~OMENT DISTRIBUTJON ON A MrMBER. 
C L-OAD FACTORS ARE THEN USED TO CO~VERT DESIGN FORCES TO ULTIMATE 
C FORCES. 
c 

c 

COMMON/PVM/PVMll3t3,3E>tFVM2C3t3•36> 
CUMMON/RSCALE/RAOlltRAOl~.H.u.v.THtBETA.HHtGA,AStGAMACtGAMAFtDF, 

1FY,FCPtCOUTtCIN,FLMVtFLNtDINtDOUT,RTYPEtNLAYtSPINtSPOUT,POtFCRt 
1ESTtECONtRAOMitRADM2tEQUID,BETAStPOD 
COMMON/PROP/SIC37J.C0f37>.ALEN<~7> 

COMMON/COORD/X(37>tY(37>tA(37>tRtBS 
COMMON/DESJGN/DMl5>•0PCS>,OV<5>tVLOCC5> 
COMMON/ISCALf/IOBUGtIPATH 
DOUBLE PRECISION PVMlt PVM2 
REAL ~M A'J. 

C L IS INDEX FOR LOCATIONS AT WHICH DESIGN WILL BE CHECKED 
c 

L=2 
c 
C SEARCH FOR MEMBER NEAR I~VERT WHERE ~/V0=3 

c 
N=O 
DO 300 1=2• 36 
G:PVM1<3tltI>+PVM1f3t2tl> 
C::(PVM1<2•1tll+PVM1(2t2•I>-PVM2C2,1tI-1>-PV~2<2t2•I-1>>12• 
F::0.5•<PVMl<ltltI>+PV~l(lt2tll-PVM2<ltltI•lJ•PVM2Clt2tI•l>) 
IFCDABSCC+(PVM1c2.3,IJ-PVM2f2t3tI-lJ)/2.> .Lr. ABS(C)) GO TO 400 
c=c•<PVM1(2~3.I>•PVM2C2t3tl•l>>l2. 
G ::G + PVM 1C3 t 3 t l) 
F::F+0.5•CPVM1Clt3tI>·PVMl<lt3tI•l>> 

'+DD CONTINUE 
O::POO•<TH•CIN•OIN/2•> 
IF (DlN .EQ.C.O> O::O-POD•0,04•TH 
IF CG .GT. a.OJ GO TO 350 
D:POD•<TH•COUT•DOUTl2e> 
IF <DOUT .EQ. o.o> D=O-P00•0.04•TH 

350 IF CABSCG/C~D> .LE. 3.0> GO TO 200 
Gl=G 
Cl::C 
Fl=F 

300 CONTtNUE 
2!:l0 CONTINUE 

J::I -1 

08870 

118880 
0889( 
08900 

0892t 

08950 
0896C 

0893( 

08 96(; 

08970 

0897<: 

0898Q r 
09010 
Cl9C20 
0903C 
09 040 
090"i 

0906~ 
09 t'7 

0909 '908~ 

0912C 

0915d 

0916~ 
0917 
0918a 
091"~ 

0920~ 
0921 
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.Jl=l 
.12:,1 

2aoo CONTINUE 

c 

VllNI T=< r.-CU/AI FN<J> 
8Q=3.0•D•VUNIT+Cl 
XL=<•BQ+$RRTtRQ•Bw-2e•VUNIT•<3eO•D•Cl•Gl))J/VUNIT 
OM<L>=Gl-Cl•XL-D.S•VUNIT•Xl*Xl 
DP<L>=Fl+(F-Fll •XLIAL£NtJ> 
OV<L>=Cl4VUNIT*YL 
VLOC<L>=ACJ2>+~a0872t6•XL/ALfN(J)*~l 

IF <L eEQ. 4> GO TO 2100 

C SEARCH FOR LOCATION OF MAX NEG MOMENT 

11 tiO 

1300 

lHO 
c 
c 
c 

MMA)l::IJ.D 
fl 0 1 i; () 0 I:: l'.0 • 2 B 
S=PV~1<3tltl>+PVM1(3t2tI> 
TFCOABSCS+PVM1<3•3•I>> .GT. ABS<S>> GO TO 1100 
IF <ABSCS> .LT. ABS<MMAX» GO TO 1000 
MMAX=S 
GO TO 1300 
CONTINUE 
IF<DABS<S+PVM1<3t3tl>> .LT. ABS<MMAXl> GO TO lt-00 
MMAX:S+PVM1(3,3,I> 
CONTINUE 
OML'l>:S 
DV<3>=tPVMlC2tltl)+PV~1<2t2tI>•PVM2f2tltI-1J•PVM2<2t2tI-1>>12. 
nP(~):(PVMl<l.1.I>•PVMl<lt2•I>-PVM2Cl,1.r-1>•PVM2(1,2.1-1JJl2. 

VLOCC5>=A<I> 
TF<nABS<OMC3>+PVM1<3•3•I>> .LTe ABS<DM<3>>> GC TO 1000 
DMC3):PVMlf3t3tI>+OMC3) 
DP(3J:CPVM1<1•3•T>•PV~2Clt3•I-l>Jl2e+OPC3) 

DV<3>=<PVMlf2t3tI>·PV~2<2t3tI-1>>12.+DV<3> 
CONTINUE 

SEAPCH FOR MEMBER NEAR CROW~ WHERE M/V0:3 

T :3 F-
1400 CO"JTINUE 

G:PVM1(3tltI>+PVM1<3t2tl> 
C:(PVM1<2tltI>+PVM1<2t2tl>-PVM2<2,l,I-l>•PVM2(2t2tI•1>>12. 
F:0.5•<PVM1<1tl•l>+PVM1<1•2tl>•PVM2Clt19!-l>•PVM2(1t2tl•!)J 
IF<DABS<C+<PV~1(2t3tl>·PVM2<2t3tl•l>>l2.) eLT. ABS<C>> GC TO 1500 
C=C+lPV~1<2•3•l>·PVM2<2t3•I-1))12. 

G=G+'PVr-11<3t3tI> 
f:F+C.5•<PVM1<1t3tI>•PVM2Cl•3•I-1>> 

15!!0 CONTINUE 
D:POD•<TH•CIN•DIN12.) 

09220 
0923C 
O<J240 
1)9250 

0.92.6q. 
0927Q 
!1928( 
'1~29( 
0930( 
0933C 
0934( 

0935C 
0936( 
0937( 

0939( 
0940C 
0941( 
0942( 

09,.4C 
0945C 
091t6C 
O'Hlt 
09481J 
09,. 9 c 

0951C 
0952~ 
0953~ 
0954d 

0955} 

0956( 
0957~ 

0958~ 

O':f59~ 
I 

0961·l 0962 
O':f63 
096'4 
0965~ 
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IF <DIN .EQ. o.c> D=D·PCD•<IJ.!l4~TH> 
JF CG .GT.0.(1) GO TO 1450 
D=POD*<TH-COUT•DOUT/2e> 
IF CDOUT .Ea. Cl.Cl D:C•POD*ll•O'+•TH 

1450 CONTINUF: 
C:::APS(Cl 
IFCAHS<GIC/0) .L(a 3.D> GO TO 160G 
(, l=fi 
Cl=C 
,:: 1 = F' 
I=I-1 
GO TO 14!10 

16CO CONTINUE 
L=4 
J:::I 
Jl= -1 
J2::J+l 
GO TO 2000 

21no CONTINUE 
VLOC<1>::Afl) 
VL0Cf5):A(31> 
DIJ 2400 J=l•5 
OM<J>:OMCJl•FLMV 
DVfJ>=D~CJ)•FLMV 

DP CJ >=DP < J) *FL 11.1 

249C CONTTlllUE 
RETURN 
END 

DATE :: 82252 12/34/24 

0968( 

0971 Q 
0972d 

0973l 
0974 .' 
0975 
097FiC1 

0911r 
097AC

1 

0979~ 
D9Alt 
0982 
0983 
0984 
1)9 8 5 
!l986 
09A7 
0988 
0989 
0990 
0991 
0992 
0993 
0994 
0995 

f 
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SUBROUTINE DESGN 
c 
C CALCULATES THE REQUIRED STEEL AREAS AT DESIGN LOCATIONS lt 3 AND 5 
C BASED ON THE FOLLO~ING: FLEXURE 
C MI~IMUM STEEL FOR FLEXURE 
C LIMITING CONCRETE COMPRESSION 
C u.01'' CRACK AT SERVICE LOADS 
C IT CHECKS FOR RADIAL TENSlCN AT DESIGN LOCATICNS 1 AND 5 ANO 
C ff REGUIR£0 CALCULATES THE CIRCUMFERENTIAL EXTENT AND l"'AXIMU~ 

C SPACING OF STIPRUPS. 
C IT ALSO CHECKS THE DIAGONAL TENSION SHEAR AT DESIGN LOCATIONS 2 
C ANO 4 ANO IF REQVIREDt CALCULATES THE CIRCUMFERENTIAL EXTE~T AND 
C ~AXIMUM SPACING OF STIRRUPS. 
C ALL THE .CALCULATED STEEL AREAS ARE PASSED TO THE PRINT SUBROUTINE 
C THROUGH THE COMMOM BLOCK STLAR 
C A PRINTOUT OF THE ULTIMATE FORCES AT EACH DESIGN SECTION, ALONG 
C ~ITH FLEXURE AND S~EAR DESIGN TABLES ARE AVAILABLE WITH AN ID8Ut 
C VALUE GREATER THAM 0• 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

COMMON/RSCALE/RADl1tRADI2tHtUtVtTHtBETA,HHtGAMAS,GAMACtGAMAFtOFt 
1 FY t F C P, C 0 UT , C IN t FL M V t FUi t DI N, D 0 UT , RT YP E, ~ L A Y t SPIN , S PC UT , p·o, F CR, EST 
1tECONtRADM1tRAD~2tEGU1DtPETAStPODtFRPt~VP 

COMMQNIISCALEIIDRUGtIPATH 
COM"ON/PVMIPVM1<3t3t36>tPVM2<3t3t36> 
COMMON/DESIGN/DM<5>tDPC5>,DV<5>,VLOC<5> 
COMMONISTLARIAREA1(5),SRATIOC5>tSGOVC5>tAREAOTC5>tSTEXTf5), 

1STSPAC5> 
DOUBLE PRECISIO~ PVMlt PVM2 

AREAl<l> =INSIDE STEEL AT INVERT 
AREA1<2> = MIVD=3 NEAR INVERT 

TAKE MAX OF H> AND C2> FOR INSIDE STEEL AT INVERT. 
AREi1<3> : OUTSIDE STEEL 
AREA1C4) = M/V0=3 NEAR CROWN 
AREA1<5> = INSIDE STEEL AT CROWN 

TAKE MAX OF C4> ANO (5) FOR INSIDE STEEL AT CPCwN 

COMMON/COORO/X(37>tY(37>,Af37>tR 
REAL JtMG,NOtMltNltMlPSitNlPSitNLAYtMRADtNRAD 
DIMENSION AREAF<5>tAREACC5ltROT<5>tCRIND<5> 
~IMENSION RLOC<9>tGOVERN(27>tRAD<2>tDAG(2) 

DATA RAO/'tHRADit'l-HAL ltDAG/4HOIAGt4H0NALltRLCC/'tHINVEt4HRT t 
12H t4HSPRit4HNGLit2HNE.,4.HCROW,4HN t2H I 

DATA GOVERN/4HOOESt4HNOTGt4HOVRNt4HFLEXt4HURE t4H t4HMIN t 
l4HSTEEt4HL t4HD.Dlt4H CRAt4HCK t4HRADTt4PE~+Ft4HLEX t4HRA0Tt 
14~EN+C~~HR t4HDT Nt4HOSTit4HRUPSt4HDT+St4HTl~Rt4HUPS t4HMAXCt 
14HONCC, 4H'lMPR/ 

10060 
10070 

10040 
10050 

lHOO 
lGllO 

10130 
10140 
10150 
10160 
10170 
10180 
10181 

10200 
10210 

10220 

10230 
1024( 
102 5( 
1026( 
1027[ 
10271 
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c 

901 

c 
c 
c 

c 
c 
c 

c 

DO 1Hll I=lt5 
AREAlCl >=o.o 
AREAF<I>=o.o 
AREAC<I >=o.o 
fl.DTIT>=o.o 
SRATIO< I>:O.C 
AREADT< I >=o.o 
STEXT<I>=O•O 
SGOV<I>=O•O 
CONTINUE 
w = ATAl'HU/V) 
Bl=0.85·0.05•<FCP-4.> 
IF <Fl 1 •GT. 0 .a 5 > B 1::. Cl • 8 5 
IF< Bl eLTe Oe65) 81::.0.65 
FCPPSI=FCP•lDOO. 
FYPSI=FY•lOOOe 
PI:3.1415926535897 
SPM~=<RADMl+U)*2• 

DESIGN STEEL AT THREE MOMENT SECTION~ 

DO 1 L=lt5t2 
CAS""IN:t.O 
c 01 =o. 
FLAY=O• 
OIAM:OIN 
IF<L .Ea. 3> DIAM=DOUT 
Ml=ABSCOt-HL>) 
Nl=DPCL> 
MlPS I::M 1 *l Ooo. 
N 1 PS I ::N 1't 1 0 0 () • 
DH:0.04•TH 
IFCDIAM eGTe Oe> DH=DIAMl2e 
C IM=CIN 
IFCL .EQ. 3) CIM=COUT 
D=PO•CT~·CIM•OH> 
Q:10.2•FCPPSI 

REQUIRED STEEL FOR FLEXURE 

IFCQ*lQ•D•D•NlPSI•(2.•0•TH>•2••HlPSI> eLTe O.> GO TO 1111 
AREAllL):(Q~D-NlPSI-SGRTCQ•CQ•D•D•NlPSI•<2•*D•TH>-2.•M1PSI>> 

1)/FYPSI 
AREAFtL>=AREAlCL> 
SRATIO<L>=AREA1CL)/fl2e•D> 
SGOV CU =l• 

10280 

10300 

10310, 
10320[ 
103301 
10~40, 

10350 

10380 

10400 
10410 

10430 
10440 
1C:45 
10460 
10470 
1Q480 
11J49 
11J5C 
1051 
10520 
10530 

10560 

10571 
10580 
10590 

1060( 
1061C 
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c 
c 

c 
c 
c 
2 

1111 
1 ll 

·c 
c 
c 
c 
3 

c 

MINIMUM STEEL AREA FOR FLEXURE 

IF <L .[Q. 3> CAS~N=l'.l.75 

IFtAREAl<L> .GT. CASMN•SPMN••2e/65000.> GO TO 2 
AREAl<L>=CASMN•SPMN**2•/65000. 
AREAF<L>=AREAl<L> 
SRATIOlL> = AREAlfL>lf12.•D> 
SGOV<U=2• 

CHECK CONCRETE CO~PRESSION 

AREAMF:5.5E4•12.•Bl•FCPPSI•D/ 
lCFYPSI•<B7QOC.+FYPSI>>·D.75•NlPSIIFYPSI 

IFCAREAI<L> .LT. AREAMF> GO TO 3 
WRITE<6tlO>L•OMCL>tDP<L>tAREAl<L>tAREAMF 
FORMATf//tlHOt95(1H*>tl t5Xt29HDESIGN NOT POSSIBLE AT POINT tilt 

17H DUE TOtlt5Xt34Ht:..XCESSIVE CONCRETE CC~PRESSICl Ml=tF1.2t 
112H IN.KIPSIFT.,5X,3HNl=tF7.2t9H KIPS/FT. ,111,sx.20HREQUIRED STEE 
lL AREA=t 
lF6.3tllH SQ.IN./FT.,15Xtl9H~AXIMUM STEEL AREA=tF6e3tllH SQeINe/FT. 
1,1, 
195< lH•) > 

AREAltL>=l•OE26 
AREAF<L>=AREAlCL> 
RDT<U=l.OE~6 

SRATIO<L>=l.OE26 
SGOVtL> =s.c 
GO TO 1 

CHECK RADIAL TENSION AT CROWN ANO INVERT 
DESiGN RADIAL TENSION STIRRUPS If .REQUIRED 

IF<L eEQ• 3> GO TO 990 
RADTEN=(MlPSI•0.45•NlPSI•0)/12.ID/fRAOI2+CIM>ll.2/SORTlFCPPSI>*FRP 
RDT<L>=KADTEN 
IF<RAOTEN eLE. le> GO TO 99u 
SGOV<L> :4,. 
K=Ll2e+0."15 
WRITE<6,850l RLOCC3•K-2>tRLOCC3•K-l>tRLOC<3•K>tRADll>tRAD<2J 

C SIZE RADIAL TENSION STIRRUPS 
c 

c 
C EXTENT OF RADIAL TENSION STIRRUPS 
c 

K=2 
IFCL .Ea. 5JK:36 

10630 

10650 

10671 
10680 

10700 

10720 
10730 
lOHO 
10750 

10770 
10780 
10780 
10790 
1(1790 
10791 

10801 
1C810 

10830 
108'+0 

10860 

108801' 
10890 
10900 
10910 

10920 

10930 
10931 
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872 COMTINUE 
MRAD=<PV~1E3t1tK>•PVM1(3t2tK>>•FLMv~1ono. 

NRAD::: 0.5•<PVM1<1tltKl+PVMl<lt2tK>•PVM2CltltK•l>•PV~2<lt2tK•l)>* 
lFLN~lllOO. 

IF<PVMlf3t3tK> .LT. D.OJ GO TO 871 
MRAD=<MRAD•PVMlC3t3tKJ•~L~V•lOOO.> 

~RAD=NRAD+cn.5•<PVMl<lt3tK>-PV~2(1t3tK•l)))•FLN•lOOD. 

8 11 C 0 NT I NU E 
RADST::: RADI2•CIN 
IF<ACK> .GT. W)RADST=RADil+CIN 
RAOTEN=<MRAD•0.45•NRAD*D)/Cl2.•0•tRADSTl*1•2*SGRTCFCPPSI>> 
IF<RADTEN .LT. 1) GO TO R73 
K=K+ 1 
IF<L .ED. 5>K=K•2 
GO TO 812 

P., 73 CONTINUE 
IF<L .EG. 5) K=38-K 
STSPA(L> : G.7•0 
IFU<K> .LT. IJ) GO TO 87'! 
STEXT<L> =<RAOM2•W+RADM1t<A<K>-W>Jt2. 
GO TO 99() 

874 CONTINUE 

c 
c 
c 
990 

STEYT<L>=2.•RADM2•A<K> 

CON TINUt 
SIM=SPIN 

STEEL AREA BASED ON D.Dl I~CH CRACK 

IFCL .EG. 3) SIM=SPOUT 
ITMP : IFIX<PTYPE> 
GO to (100Dt2DriOt3DOOJtITMP 

1000 CO:l.O 
B2=<D.5tCIK**2•SIM/NLAY>**ll.13.> 
GO TO l'!O 

2000 CO::l.5 
B2::1.0 
FLAY=CIM•*2••SIM/NLAY 
GO TO HO 

3000 C0=1~9 
B2=<D•5•CIM••2•SIM/NLAY>••tl./3e> 

14 0 Mo::-1-nPSI JFLMV 
NG=NlPS I/FLN 
D=DIPO­
E=MO/NO+D~TH/2. 

IFCCEID> eLT. 1.15> GO TO 1 
619 J:0.74+0.l•E/D 

IF<J .GT. 0.90> J:U.90 
P=l .1 U .-J•D/E> 

10940 
10950 
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t 
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62C 

(,25 
6~c 

c 

c ONT mu E 
Ol=<MD+~O*<n-TH/2.))RE2/l3DOOD.•J•F•PD•D•FCR) 

~l=C ~B2•12a~THt•2·•SQRTCFCPPSI>IC30000a•FCR•C~PD> 

/J.REA''l::::Ql-~l 

IF<C~l .EQ. 1.> GD TO 625 
TFCFLAY .LT. 3.> GO TO 650 
CDl=l• 
c:=1 .. q 
R2=< .5•FLAY>••<lol3.> 
i\RE~12=AREAf'l 

G:J TO 62'.l 
!F<AREV12 .GT. AREADl> AR£AC1=ARED12 
CONTINUE 
CRACK=AREADl/AR[Al<L> 
CR! ~If) (L) =t:RACK 
ARE1\C<L >=AREA01 

C SERVICE LOAD CRACK CONTROL INDEX LIMIT 
c 

IFCCRACK .LE.lo> GO TO 1 
1~csGOV<L> .ro. 4.) Gr TO 6&6 
SGOV CU :::3. 
GO TO E.b7 

E>fdi CJ~.! T PW E. 

~ t; '.J V < L > = 5 • 
667 COMTINUE 
c 
C STElL AREA IS DETER~INEO RY CRACK CONTROL 
c 

1 
c 
c 
c 

i\Rf:A1 (l > =AREA"1 
SRATJO<L>=AREAlCL)/(12.•C•PO> 
CO 'JT I NU E. 

DO RlQ K=2t 1+.2 
S T I ~ 1 f'l: 0 • 0 
,'IREVRT=O.O 
ARE:VOT:::O.I) 
Ml:: ~.RSC DMCK>) 
Nl=OPCK> 
VU:ABS<rlVUO> 

EVALUATE DIAGONAL TENSION SHEAR 

IF<K eEQ• 4) GO TO 1051 
SRAT=SRATIO(l)•PO/PDO 
IF<SGOVH> .LT. Be> 'SO TO· ll'l52. 
SGOVCIO : fl.O 
AREAHK>=l.OE25 
SRATIOlK):l.DE26 

H-99 

18/44155 
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GO TO 810 
1051 SRAT=SRATIO<S>*PO/POO 

IF<SGOVC5) .LT. ReO>GO TO 1052 
SGOVCK> = 8.0 
AREAl<K>=I.OE26 
SRATIOtK>=l·~E26 

lli52 CONTINUE 
IF fSRAT eGTe Oe02> SRAT=Oe02 
M1PSI=Ml'*1000. 
N 1 PS I =N 1 * 1 JJ :." O. 
VUPS I=VU*l 000. 
OH:: O .04 •TH 
IF COIN .GT. C.0) OH::CIN/2. 
O::TH-Cir-.•OH 
FD:: a •8+ l eb/D 

DATE = 82:>51 

IFCFD .GT. le25> F0:1.25 
F~::D.5-<Nl/6e/VU>+SQRT~~.25+<Nl/6e/VU>••2e) 

IFCFN .LT. Oe75> FN:0.75 
R:RADMl 
IFCVLOCCKJ •LTe WJ R::RADM2 
!F<VLOCCK> .GT. PI-W> R=RAOM2 
RADST::R+CIN-THl2. 
IF ( FCPPSJ .r;r. 1000. ) FCPPS!=7ooc. 
FC=l·0•0/2a/R 
VC::Clel+b3eD•SRAT>*SQRT<FCPPSl>•POD•12.0*D*FD•FVP/CFC•FN> 
ROT I N=VUPSI /VC 

18/44/55 

lr( KUTlN •LE• le) GO TO 8 
AREAllKJ::Q.1587•FC•FN•VUPSI/lFO•FVP•SQRTlFCFPSI>J-0.20952•POD•D 
SGOV<K>=6• 
SRATIOCKJ:AREA1<K>IC12.•0•POD) 
IFCSRATIO<K> .LT. C.02> GO TO 9050 
SGOV 00 =7.0 
AREAltK>=l•UE26 
SRATJO<K>=l·OE26 

9U50 CONTINUE 
IF<K .EQ. 4>GO TO 9 
WRITECbt850>RLOCCl>tRLOC<2>,RLOCC3>,0A6(1JtDAG«2> 
GO TO 6 

9 WRITE<6,850>RLOCC7J,RLOCC8>tRLOC(9)t0AG<l>tCAGf2> 
6 STIND=2• 
8 CONTINUE 
c 
C STIRRUP DESIGN 
c 

IFfSTIND .EQ. o.o> GO TO 830 
c 
CSTIRRUP DESIGN FOR RADIAL TENSION 
c 

11796 
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11799 
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c 
CSTIRRUP DESIGN FnR DIAGONAL TENSION 
c 

DATE = 82251 

IF < VC .GT. 2*SORT<FCPPSI>•12.•POD•D> VC=2.•SQRT<FCPPSI> 
1•12. •PfiO•D 

AREVDT=1.11<POD•D>•<VUPSI•FC-POD•VCJ+AREVRT 
880 CONTINUE. 

AR~AUl(K):AREVOT 

N=Vl.OC<K>IO.f!B7266+C.5 

H-IOI 

18/44/55 

5 0 0 0 C 0 l\f TI NU E 
Vl:C.5•<PV~l<2tltN)+PVM1<2t2t~l-PVM2<2•1•N-1>·PVM2<2~2tN•1>>•FL~V 
Ml=<PVM1<3tltN)+PVM1(3t2tN>>*FLMV 
Nl=C•5*<PVMlfl,ltN>+PVM1<1t2tN>•PVM2<1tltN-l>•PVM?(1t2tN-l>>•FLN 
IF<DABS<Vl+<0.5•(PVM1<2t3tN>-PVM2<2t3tN•1>>>•FLMV> .LT. A~~<Vl>> 

1 GO TO 4COO 
Vl=Vl+D.5•(PVM1<2t3tN>•PVM2<2t3tN-1>>*FL~V 

Ml=Ml+PVM1<3t3t~>*FLMV 

Nl=~l+D.5•<PVM1<lt3tN>·PVM2<1,3,N-l>>•FLN 

4 0 00 CONTTNU E 
OH=OOUT 
CIM=COUT 
IF f~l .LT. o.o> GO TO 66DD 
CIM=CIN 
OH=OJN 

6600 COl'.JTJNUE 
Vl=ABS<Vl) 
MlPSI:ABS<MA•lDOO.) 
NlPSI=N1~1cou. 

V 1 PS I :V 1 • 1 0 0 0 • 
IF<DH .EQ. o.o>DH=O.D8*TH 
D=TH-Cil'1•DH/2. 
FLl='.!.80+1.6/D 
IF <FO .GT. 1.25 > FO=l.25 
FN:Ce5-<N11Vll6.J+SQRT<0.25+(NllV1/6.)••2) 
IF<FN .LT. 0.75) FN=0.75 
R=RADMl 
IF CA<N> .LT. \I) R=RADM;:> 
IF <A<N> .GT. CPI-Wl> R=RADM2 
l='C:l.0+012.IR 
SR AT =SR AT I 0 < 1 > t P 0 IP 0 0 
IF<L .EQ. 4>SRAT:SRATI0<5>•PO/PCO 
IF<Ml .GT. ~.OJ GO TO 66Cl 
FC:1.o-01c2.•R) 
SRAT=SRATI0<3>•PO/PCO 

66iil CONTtl\IUE 

VC=<l.1+63e0•SR~TJ•SQRT<FCPPSI>•P00•0•12.•FD•FVP/CFC•FN> 
1•4e/(~1PSil<V1PSI•POD•0)+1> 
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IF C VC .GT. 4.5~SQRTfFCPPSI>•POO•D*12.IF~J VC=4.5~SGRTCFCPPSJ) 
lr.POD"'D*l2.,/<;;M 

TF IVC .r;E .. V1PSI> GO TO 6000 
N= f~ + l 
IFCK .E~.4) N=~-2. 

GO TO 5 ~!J 

bCOC corJTPllUE 
IF<~ .Eo. 4) GO TO 7GO 
STEXT<K>=RAOM2•AfN)•2.0 
IFlACN) .&T. w> STEXTCK>=tRADM2•W+<ACN>·W>•R'D~l)*2• 

STSPA(K):Q.75•P0D•D 
GO TO 81 

7 Q r; O Cu !\I r IN U E 
STEYT<K>=<Pl-ACN>>•RACM2•2• 
IFCACNJ .LT. <PI-W>J STEXT<KJ=<b•PADM2+(PJ•A<~J-W>•RADH1J•2. 

STSPACK>=Da75•POn•O 
GO TO Blff 

830 AREADTCKJ:n.o 
81 ci co~n rn11E 

IC'C!DBUG aLT• l> GO TC 950 
h'RIT:::<6t84'3> 
l.'kITEC6.e51J 
DO P.48 L=l.5 
KF = <SGOV(L)+l .> " 3. 
JF = KF - 2 
VLCTM = VLOC(L>•lRC./PI 
WRITE<6t852JVLCTMtOMCL>,OP<L>,DV<LJ 

b4B CONTTNUE 
849 FJRMAT<1Hlt/ll//,16Xt24HTABLE OF ULTIMATE FORCEStltlXt57ClH·>> 

850 FORMATClltT3G.5CClH*>tltT30tlH•t48XtlHt,/,T30tlH•,18X, 
17HWAR~I~G,23XtlH*tltT3C,lH•t9Xt21HSTIRRUPS REGUIREO AT t2A4tA2t8Xt 
lHHr, 
lltT3Dt1Htt5MtlnHTO RESIST ~2A418H TENSIONt13XtlH*tltT3Dt50ClH*)) 

851 FOR~AT<llt1Ye7H nESJGN,1.1X,8HLnCATION,lDXt6HMOMENT19X,6HTHRUSTt 
19Kt5HSHEARtlt1X157ClH•>tlt1Xt8HDEG FROM•7Xt12HIN.KIPS/FOOT,5Xt 
2qHKIPS/FCOT,5X,9HKIPSIFOOT,/,2Xt6HINVERT> 

t~2 FORMAT<l,2X,F6.216X1Fl2.314XtFl0.3,4X,FlOe3J 
l.lRITE\6,710> 

710 i::QRMAT<1Hltlll/t,49Yt'FLEYURE DESIGN TABLE't/,lX,lllllH->tllt 
15Xt'DESIGN•,1,4x,•LOCATI0~·.21x,•DESIGN VALUES't36Xt'GOVERNING DES 
2IG~·.1,4x,er1H->t3Xt45(1~->.~X,50C1H->tllt4X,•CEG FkCM•,1ox,•REINF 
~ORCI~G•,9x,•cRACK•,3x,•RADIAL TENSION•,1sx.•sTEEL•,3x,•STIRRUP'~ 

43Xt'STIRRUP•,3x,•GOVERNING·,1,5Xt'INVERT•,sx,•FLEXURE't3Xt'CRACK c 
50 NTR OL' , 3X ,,, I ND EX•, 7Y •'I NOE X t, 11 X, 'AR EA' , 5X, 'RAT IO', 3X, 'FACT OR t, 
64X,•EXTENT•,1x, 1 MOOE•,1,15X,•SQ.JN./FT•,4x,•SQ.IN.IFT•,31x,•SQ.IN. 
71FTt,22 X,' TN .. '> 

[JIJ 701 L=lt5t2 
KF=<SGOV(L)+l.>*3• 
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Jf:K F-2 
VLCTM::VLOC<L>•lBO.IPI 
IF<AREAC<L> .GE. O> GO TO 719 
AREAC(L):::.Q 
C R P' D < L > ::: 0 • lJ 

118 CONTINUE 

H-103 

DATE :: 82251 18/44/55 

719 WRITE<6t720> VLCTM,AREAF<L>tAREACtLltCRIND<L>tRDT<L>tAREAlCL>t 
lSRATIO<L>tAREADT<L>tSTEXTlL>,lGOVERN<LF>tLF=JF,KF> 

72G FOR~ATClt5XtF6e2t5X,F7.3t6X,F7.3t5XtF5.3,9XtF6e3tlOX,F7.3t2Xtf6e4t 

11x.Fe.1,2x,Fe.1,3x,3A4> 
701 CO~T !NUE 

WRITE<6t711J 
711 FORMATC/////////,29Xt'SHEAR DESIGN TABLE 9 tltlX,76ClH•ltlt 

1sx,•OESIGN•,1x,•REQUTPE0•,7x,•s1EEL't5X,•STTRRUP•,sx,•sTIRRUP't 
2sx,•GOVERNI~G•,1,4x,•LOCATION•,sx,•REINFORCING•,5x,•RATI0•,6y, 

3'FACT0R't6X,•EXTENT•,1x,•MODE'•'•4x,•DEG FROM'16X,•so.1N./FT•,3ox, 
4'IN.•,/,5X,•INVERT'> 

DO 702 L=2t4t2 
KF:fSGOV<L>+l.>•3. 
JF:K F •2 
VLCTM=VLOCCL)*l&~./Pl 
WRITEC6,721>VLCTMtAREAllL>tSRATIO<L>tAREADTCL>tSTEXTCL>t 

l<GOVERNlLF),LF:JFtKF> 
721 FORMAT(J,5XtF6.2,ex,F1.3,6X,F6.4,4X,F8.1,3x,~e~1,4x.~A4> 
702 CONTINUE 

950 CONTINUE 
END 

13020 
13 030 
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SUBROUTINE PRINT 
c 
C ORGANIZES AND PRINTS OUT A PIPE DESIGN SUMMARY S~EET FRO~ DATA 
C ACCUMULATEO IN THE COMMON BLOCKS STLAR<CALCULATED STEEL AREAS FROM 
C SUBROUTINE DESI~N> AND RSCALEC8DATA ARRAY GENERATED IN SUBROUTINES 
C READ AND I~IT> 

C THE PRINTOUT INCLUDES THE FOLLOWING: 
C l~STALLATION DATA 
C ~ATERIAL PROPERTIES 
C LOADING DATA 
C PIPE DATA 
C FLUTO DATA 
C REINFORCING DATA 
C THE OUTPUT IS AVAILABLE wITH ALL IDSUG VALUES. 
c 

c 

COMMONIRSCALEIRAD11•RADI2tHtUtVtTHtBfTAtHHtGAMAStGAMACtGAMAFtOFt 
!FY,FCP,COUTtCINtFLMVtFL~tDlNtDOUTtRTYPEtNLAYtSPINtSPOUTtPGtFCR 

ltEST,ECONtRADMl,RAOM~tEQUIDtBETAStPOD 

COMM0NISTLAHIAREA1<5>tSRAT!0(5)tSGCV(5)tAREADTf5>tSTEXTt5) 
ltSTSPA(5J 

INTEGER RTYPEtP 

C SET UP DESIGN TABLES 
c 

99 
"1RITFt6,'Ci9) 
FORMATClHl) 
IF CRADil .(Q. RAD12> GO TO 10 
SPAN=2.0•CU+RADI1> 
RISE=2.0•(RA012-V> 
WRITFC6.1noo>SPANtPISE 

lCOO FORMATClHOtF5.lt12HINCH SPAN X tF5.1t45HI~CH RISE REINFORCED ELLIP 
lTICAL CONCRETE PIPEtlt71ClH+J) 

Ga T 0 2 G 
lil PlTMP = RADI1•2. 

wRITEC6t2DOO>RlTMP 
2000 FORMATC1H0,~5.lt47HINCH DIAMETER REINFORCED CONCRETE CIRCULAR PIPE 

ltlt7HlH*>> 
2u COMTPJUE 

ltlRITEH:i t600G> 
6000 FORHATf1HO.t.34H I N s TALL AT I 0 N DAT A ,1,1x,11r1H->> 

BTMP : ~£TA~18B.J3.141;92653~ 

BTMPS= BETAS•180.0/3.1415926536 
WRITE<6t700~JHtGAMAStHHtBl~PtBTMFS 

7COO FORMATC5Xt31HHEIGHT OF FILL ABOVE CROWN, FTt29X,F6.2tlt5Xtl6HUNIT 
lWEIGHlt PCFtqqrtF6.2tlt5Xt 
138HSOIL•STRUCTURE INTERACTTON COEFFICIENT t22X,F6.2 t 

llt5Xt22h~EDOING ANGLEt DEGREES t38Xt~6.2 t 

2/t5Xt2C~LOAD ANGLEt DEGREES t40XtF6.2l 

13070 
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l.'RITE<6t30fl0> 
3JOC FORMATClHOtlt38H M A. T [ R I A L P R 0 P E R T I E S ,1,1x 

1 • 71 , 11-1• ) ) 

FCPT~ = ~CP•lGOD. 
WRITf C&t4D00)FYTMP,RTYPF!NLAY,fCPTM 

4 0 FORMAT<~X,43HSTEEL - rJNIMUM SPECIFIED YIELD STRESSt PSI t 

117X,F6.n,/.!3X•l6HREINFORrIN~ TVPE ,36X,~6.Dt 

Jl,13Xt?HHNO. OF LAYERS OF REINFORCING t24X,F6.C, 
1/,5Xt45~~0NCRETE - SFECIFIED CQM~RESSIVt STRESS, PSI , 
ll':JXtFb.U) 

WRIH'.Cf,,9f10G) 
9~DO ~ORMATflH~tlt24H l 0 AD I N G U A l A tlt1Xt71(1H->> 

wRITF(htlCGl> FL~V,FLN,POtPODtFCR 
10Cl FOR~AT(~X,3"~LUA0 FACTOR - ~OMENT A~D SHEARt3CXtF6.2tl 

lt~Xt2DHLOAO FACTOR - THRUST 14CXtF6.2tlt5Xt 
133HSTRENGTH REDUCTION FACTOR-FLEXUHEt21XtF&.2,/, 
15Xt42HSTRENGTH REDUCT IO~ FACTOR-DIAGONAL TENSI0N,18XtF6.2tl,5X, 
12HHLTMITING CRACK WIDTH FACTOR t32XtF6.2> 

WRITF(f>.?001) 
2no1 FURMAT<lHOtltlRH p I p E D A T A ,1,1x,71ClH-)) 

I~ <RADil .NE. RAD!2) WRITEC6t3GD2J RADiltRAOI? 
WKITE<6t3CC1> THtCIN,CCUT 

3~U2 FOR~AT<5Xtl3~RADIUS lt JN.,47XtF6.2,lt5Xt13~RADJUS 2t IN., 
147XtF6.2) 

3D01 FORMATC5Xtl9HWALL THICKNESS, IN. t41Xtf6.2tl• 
15Xt6RHINSIDE CONCRETE COVER OVER STEEL, INa t22X,F6.2t 
1/t5Xt3AHOUTSTOE CONCRETE COVER OVER STFELt IN. t22XtF6.2) 

wRTTEl6t4Pnl> GA~AF,OF 
4LD1 FORMAT<lHDtlt2DH FL U T D DA T A ,1,1X,71<1H->tlt 

15Xtl9HFLUID DENSITY, PCFe t41XtF6.2,l,5Xt 
1~4HDEPTH OF FLUIDtINCHES ABOVE INVERT t26X,F6.2) 

WRITCC6,5tHll> 
~CDl FURMATflHOtlt44H R E I NF 0 R C I N G ST E EL D A T A 

lltl Y<t7U1H•Jl 
ASI "JV=A RE Al ( 1) 
ASSPR:AREAl(j> 
ASCR~=AREA1<5> 

STEXTM = AMAXl(STEXT(1J+Oa5tSTEXT<2>+C.5 J 
AREDTX = AMAXl<AREADT<lltAREADT<2>> 
STSPAM = STSPA<2> 
IF <STSPAll) .NE. D.>STSPAM=AM!Nl<STSPA(lJtSTSPAl2)) 
tF <SGOVCl> .LT. 4. )GO TO 191 
WRITEl6t6D01> ASINVtASSPRtASCRN 

6001 FO~~ATC5Xt3AHINVERT- INSIDE REINFORCING, SQ.I~./FT. t22Xt 
1F6.3,1,i:;x,43HSPRINGLINE- OUTSIDE REINFORCI~G. SQ.TN-/FT.,11x, 
1F6.3,1,5Xt37HCROWN• INSIDE PEINFCRCING, sa.1~./~T.t23XtF6.3) 

IF f SGOV<1> .F.Q. 8•> GO TO 103 
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WRITft6t7DOl> STEXTM,OREOTX,STSPAM 
7001 FORMATtlt5Xt22HSTIRRUPS REQUIRED OVER .F~.o.2x. 

116HlNCHES AT INVERTt lt5X,21HSTIRRUP DESIGN FACTOR 
132H; AV=SDF•SPACING/lSTIRRUP YIELD> t8X,F6.1tl• 
15Xt31HMAXIMUM STIRRUP SPACI~G, INCHES,29X,F6.1> 

GO TO 103 
UH IF <SGOVC2l .LT. 7, >GO TO 102 

WRITE<6t60Dl> ASINVtASSPR,ASCRN 
WR!TE<6,7001> STEXT~tARECTXtSTSPAM 
GO TO 103 

1J2 IF <SGOV<2> .NE. 6.> GO TO 1138 
WRITE(6,600llASINV,ASSPRtASCRN 
WRITE(6,7001) STEXTMtAREDTX,STSPAM 
ASINV=AREA1<2> 

1U3 CREXTM : AMAXl,SlEXTC4)+0.5tSTEXT<5>+0.5 
CRASTM: AMAX1tAREADT<4>tAREADTC5)) 
CRSTSP : STSPA<4> 
IF CSTSPA<5> .NE. O.>CRSTSP:AMINlCSTSPA(4>tSTSPAt5>> 
IF <SGOVC5) .LT.'+•> 60 TO 104 
IF ( SGOV<5> •EQ. 8•> GO TO 110 
WRITEC6t8001) CREXTM,CRASTM,CRSTSP 

8001 FORMATC/,5Xt22HSTIRRUPS REQUIRED OVER tF6.o,2x, 
115HINCHE~ AT CRCWN tlt5Xt21HSTIRRUP DESIGN FACTCR 
132H; AV=SDF•SPACING/CSTIRRUP YIELD> t8XtF6.ltlt 
15~t31HMAXIMUM STIRRUP SPACINGt INCHESt29XtF6.lJ 

GO TO 11".l 
104 IF tSGOV(4) .LT. 7.) GO TO 1C5 

WRITE(6t8001) CREXTM.CRAST~tCRSTSP 
GO T'J llJ 

105 IF ($GOV(l4J .~!E• 6. > GO TO 106 
wRITE<6t800ll CREXTMtCRASTM,CRSTSP 
A SC R ~J =ARE A 1 C '+ > 
IF<SGOVtl> eGE. '+•O>GC TO 1a9 
IF<SGOV<2> .NE. 6.0>GO TO 1C9 
WRITW::: <6 t 9001> 
WRITEC6t6001) ASINV,ASSPR,ASCRN 
GO TO 110 

139 MRITEl6t9002> 

18/44/55 

9002 FORMATC/t45HOALTERNATE REINFORCING WITHOUT CRO~~ STIRRUPStl> 
WRITEC6tfi001JASINV,ASSPRtASCRN 
IFCSGOV<2> .Ea. 8.0 > GO TO 110 
~RITEC6t7001> STEXTMtAREDTXtSTSPAM 
GO TO llD 

106 IF <SGOVCl> .GE. 4.> GO TO 110 
IF CS GOV C2> .NE" 6.> GO TO 110 

1J7 WRITEt6.9001> 
-9001 FOR~ATClt39HbALTERNATE REINFORCING WIT~OUT STIPRUPS ti> 

WRITEC6 9 6D01> ASINV,ASSPRtASCRN 

13830 

13850 
13860 
13870 
13880 

1390~ 

13920 
13930 

13950 

1'+010 

1ttu30 

14050 
14 c 60 
141)80 

l'+lCO 
1'+120 

1'+ 14 0 
1'+141 
141'+2 
1'+ 1'+ 3 
141'+4 
1'+ 1'+5 
14146 

14148 

1-4150 
14170 
14180 
l'+ 19 0 

14210 



1\1 G LEVEL 21 PRINT 

lU8 

11 u 

GO TO 110 
CONTINUr: 
WR1Tf<6,6001J ASINV.ASSPR,ASCRN 
CDNT I t.IUE 
RETU!H~ 

END 

H-107 

DATE = e2251 113/44/55 

14 22 0 
14240 
142!10 
1'1270 
14280 
14290 




